As a result of 19 months spent in Tasmania and eastern Australia and 7 weeks at the southern tip of South America, followed by a year of reading and writing on the biogeography and history of the southern end of the world, I have gradually become convinced that continental drift is not just an intellectual exercise but a probable reality. I was not easily convinced of this. I am a conservative, sixty-year-old biologist and also a professional biogeographer (if there is such a thing), and I have been and still am repelled by the exaggerations and unintentional misrepresentations of biogeographic "evidence" by Wegener and his followers. Nevertheless I am now a Wegenerian, of sorts. I think that some continents probably have drifted, although not in quite the usual Wegenerian pattern. I give this fragment of my own history to justify reviewing a subject which, if there is any reality in it, is of great interest and importance to many persons.
Convincing evidence-evidence that has convinced me-of movement of continents comes from the matching shapes of Africa and South America and their relation to the Mid-Atlantic Ridge, from new evidence of convection currents in the earth's mantle that might move continents, from the distribution of glaciation and of floras in the late Paleozoic, and from the new (and still very incomplete) record of paleomagnetism. Two questions in the general hypothesis of continental movement are critical and can perhaps be answered. First, when did Africa and South America separate, if they were united? And second, what were the positions of the southern continents when they were glaciated late in the Paleozoic, 200 million or more years ago?
Time of Separation of Africa and South America.-The fitting of edges of Africa and South America' is virtual proof that these continents were united, if the hypothesis of continental displacement is accepted at all. Wilson2 suggests as a "highly speculative" hypothesis that convection in the earth's mantle, rising along the line of the Mid-Atlantic Ridge, has separated the continents and is pushing them apart, and that the rate of movement calculated from the ages of volcanic islands, which increase in age with distance from the Ridge, indicates that separation occurred about 120 million years ago, about the end of the Jurassic. Southern Supercontinents?-Wegenerians have been possessed by a fixed idea: that, before drift, the continents must have formed a great supercontinent, an allembracing Pangaea or at least a southern Gondwanaland. This idea seems to find support in the apparent former union of Africa and South America. However, union of these continents (if they were united) need not require that others were united too. Actual evidence of union should be looked for in each case. Critical evidence comes especially from late Paleozoic time, from the late Carboniferous and early Permian periods (the Permo-Carboniferous) when the southern continents were heavily glaciated. The rest of the present paper will be concerned chiefly with the situation in the southern hemisphere during this small segment of geologic time.
Supposed evidence of union of southern continents has been derived from fitting of the continents' shapes, from continuity of geosynclines and other geologic structures, from the distribution and directions of movement of Permo-Carboniferous ice, from the distribution of ancient floras, and from paleomagnetism. Much of this evidence does strongly suggest that most continents lay farther south on the world than they do now, but no evidence clearly indicates a general union of southern continents. A hypothetical grouping of the continents without union, which seems to satisfy all requirements now known, is suggested in Figure 1 .
Evidence of Shapes. The southern continents, excepting Africa and South America, do not fit together well. This fact is emphasized by the many different ways West Antarctica, which is a relatively recent, geologically active area, is shown as an archipelago, as it may still be, under the ice cap.
Wegenerians have tried to make the continents fit, unsuccessfully. The contrast between the precise fit of Africa and South America and the poor fit of other southern continents strongly suggests that the others were not united or that, if they were, they separated long before Africa and South America did.
Geologic Evidencee.-Wegenerians have stressed the supposed continuity of a synclinal system, the "Samfrau Geosyncline," connecting southeastern South America, the southern tip of Africa, western Antarctica, and eastern Australia, and supposedly indicating that these pieces of land were once aligned and in contact.6 Two serious criticisms of this argument can be made. First, part of the supposed geosyncline may not exist. Harrington7 shows no geosyncline where the hypothesis requires it in South America. And second, continuity of geosyndlines does not require continuity of land. A geosynclinal, mountain-forming system crosses the ocean gap between South America and western Antarctica, for example. However, this system does suggest a long-standing relationship between the tip of South America and the Antarctic Peninsula which should be a guide to orientation of the continents in the past.
Wilson2 suggests that secondary (not mid-oceanic) ridges on the ocean bottom may connect former contact-points of continents, and he offers a mid-Mesozoic "supercontinent" assembled according to these guides. Antarctica was glaciated too, at least in part, and so was India, which now lies mainly in the tropics north of the Equator. But more-northern continental areas were not glaciated at this time. The only satisfactory explanation of this distribution of ice seems to be that all the continents (except Antarctica) lay farther south than they do now, the southern ones in colder and the northern ones in warmer latitudes than now. Other explanations are unconvincing.8 However, the distribution of the ice is not evidence that the southern continents were united. Rather, the formation of continental ice sheets suggests the presence between continents of ocean gaps wide enough to allow massive evaporation and, as a result, heavy precipitation on the land.
The arrangement of continents suggested in Figure 1 seems to satisfy the glacial requirements. All the principal glaciated areas are brought near or within about 450 of the South Pole, into latitudes where glaciation is possible, judging by what happened in the northern hemisphere in the Pleistocene. Water gaps between continents allow evaporation to supply water for ice on land. And the eccentric position of Antarctica seems greatly to increase chances of glaciation on surrounding continents. A massive ocean current probably always circles Antarctica from west to east, if the land allows it. With the land arranged as in Figure 1 , the current would be cooled by passage through the polar region and then would be deflected away from the pole toward the continents that were in fact glaciated.
Ice sheets on land gouge rock surfaces, deposit glacial "drift," and move boulders sometimes hundreds of miles from their places of origin. These This detailed criticism of King's diagram is justified by its reverse significance. The diagram shows the pattern of ice movement that Wegenerians think ought to be found if the southern continents were united. And I agree. Very extensive glaciation did occur, and if the southern continents were united then, a pattern of ice radiation like that diagrammed would be expected and should be unmistakable. But the pattern probably does not exist and certainly is not unmistakable. This seems to be real evidence that the southern continents were not united.
Biogeographic Evidence.-Distribution of floras: Two different, major floras existed in different parts of the world during late Carboniferous and Permian time. 8 One was a chiefly southern flora which accompanied or followed glaciation wherever glaciation occurred; on South Africa and Madagascar, southern South America, southern Australia and Tasmania, and Antarctica, and also on India. It was a species-poor flora dominated by Glossopteris and allied genera. The other flora (actually several others) occupied parts of what is now the north-temperate zone. This flora was more diverse (consisting of more species of plants) and was apparently adapted to a relatively warm, uniform, humid climate.
The geographic separation of these floras has led some botanists to postulate an impassable ocean barrier between the northern and southern halves of the world (with India in the southern half), but this explanation is unlikely and unnecessary. Some other plants and animals, including terrestrial reptiles, crossed the supposed barrier while the floras remained distinct. And these floras were adapted to different climates. The real explanation of their distribution probably is that they occupied climatically differentiated areas.
The ice and the floras of the Permo-Carboniferous are best thought of not as separate items of evidence but as reinforcing each other. Both are primarily climatic indicators, not direct indicators of latitude or of continuity of land. Together, I think they prove that South Africa, southern South America, southern Australia, and India were much colder in the Permo-Carboniferous than they are now or than they were in the Pleistocene, and that the northern continents were warmer. That this distribution of climate was due to a more-southern position of all continents (except Antarctica) is a secondary inference, but a strong one.
Wegenerians assert, quoting each other to prove it, that Glossopteris and its allies could not cross ocean gaps and that all the lands where the plants occurred must have been united. However, the fruiting structures of at least some glossopterids were leaflike and have been compared to sail planes, and the seeds were apparently very small, about 1/2 mm in diameter." These plants may have been wind-dispersed and, since they were often associated with glaciation, they may also have been carried on floating ice. I do not pretend to know how they really did disperse, but their distribution is not good evidence of continuity of land. On the other hand, terrestrial plants and animals cross narrow water gaps much more freely than wide ones, and the distribution of the Glossopteris flora does suggest that gaps between southern continents were narrower than now. I think dispersal of this flora might have occurred across the water gaps indicated in Figure 1 , especially if strong winds and ocean currents circled Antarctica then as they do now.
Biogeographic Evidence.-Coal: Coal and apparent (Glossopteris leaves and conifer needles have been found about 30 from the present South Pole.'2 And a Glossopteris flora existed on Tasmania and coal was formed there'0 at a time when paleomagnetism places the Tasmanian corner of Australia on or within the Antarctic Circle." Whether the continents were in their present positions or in positions indicated by paleomagnetism, the Glossopteris flora existed and coal was formed in polar or subpolar regions. Coal on Antarctica indicates only that that continent was warmer than now, not that it was in a different position.
Permo-Carboniferous Revolutions of Climate.-Paleomagnetism shows Australia almost motionless, with its Tasmanian corner near the South Pole, from the Carboniferous to the Jurassic.'3 During most of this time even Tasmania was icefree and forested. But during part of this time ice sheets formed not only on Tasmnania but across the whole southern half of Australia, and then the ice sheets disappeared again. If paleomagnetism is evidence of movement of continents, it is also evidence that Australia moved little during this time and that the glaciation of this and presumably of other southern continents was brought on and ended by revolutions of climate, not (as often claimed) by movements of land. Actually, glaciation such as occurred in the southern hemisphere probably required both a more-southern position of the land and a climatic revolution comparable to that of the Pleistocene.
So far as occurrence of coal and of a glacial cycle are concerned, the southern continents apparently may have lain far south (as in Fig. 1 ) and motionless throughout the time under consideration.
Paleomagnetic Evidence.-If certain assumptions are correct, as I think they probably are, a paleomagnetic determination from a given rock formation establishes an arrow pointing at the position of the North or South Pole when the rock was formed, like a man pointing an arrow at a mark on the ground. (This is a gross oversimplification, but true for present purposes.) The dip of the paleomagnetic arrow shows the distance to the pole, and the direction of the arrow shows the orientation (not the east-west position) of the continent concerned. But the continent carrying the arrow may be anywhere around the earth at the distance from the pole and with the orientation indicated, just as a man may place himself anywhere on a circle around a mark on the ground and keep his arrow always pointing at the mark. Therefore, longitudes cannot be determined from paleomagnetic data. This fact is not always emphasized by Neowegenerians.
Practically 15 Nevertheless, in spite of the limits and gaps, the paleomagnetic record does agree in general with the joint record of glaciation and of distribution of floras. Both records strongly suggest that most continents lay farther south in the past than now, and that northward movements have occurred. Why should the two independent records suggest this, unless in fact northward movements have occurred? I think they probably have.
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